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Abstract
We succeeded in growing single crystals of UPd2Cd20 by the Cd self-ﬂux method. This com-
pound crystallizes in the cubic CeCr2Al20-type structure. From the low-temperature electrical
resistivity and Kadowaki-Woods relation, the electronic speciﬁc heat coeﬃcient γ is estimated
to be about 400 mJ/mol ·K2. The magnetic susceptibility of UPd2Cd20 indicates a broad max-
imum at 6.6 K and a rapid decrease at 5.0 K, which correspond to the formation of the heavy
fermion state and the antiferromagnetic transition, respectively. These experimental results
strongly suggest that UPd2Cd20 is a new heavy fermion antiferromagnet.
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1 Introduction
UT2X20 compounds (T = transition metal, X = Al,Zn) crystallizes in the cubic CeCr2Al20-type
structure with a large unit cell (a ∼ 14 A˚). Most of them show non-magnetic ground state, for
example, UCo2Zn20 and UIr2Zn20 exhibit the non-magnetic heavy fermion ground state with
large electronic speciﬁc heat coeﬃcients of γ = 350 and 400 mJ/mol ·K2, respectively[1, 2, 3].
The magnetic susceptibility of UCo2Zn20 and UIr2Zn20 follows Curie-Weiss law at high temper-
atures and possesses a broad maximum at Tχmax = 8.2 and 4.5 K, respectively[2]. Below Tχmax ,
which almost corresponds to the Kondo temperature TK, the f -derived heavy fermion band is
formed. On the other hand, some of UT2X20 systems are magnetically ordered. For example,
UMn2Al20 has been reported to be a ferromagnet with the Curie temperature TC = 20 K[4]. Re-
cently, Burnett et al. found new compounds RT2Cd20 (R = rare earth, T = Ni,Pd)[5, 6, 7]. We
have searched isostructural uranium (U) compounds, and succeeded in growing single crystals
of a new compound UPd2Cd20. In order to investigate the crystal structure and electronic state
of UPd2Cd20, we measured the X-ray diﬀraction, electrical resistivity, and magnetic properties.
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Figure 1: (a) X-ray diﬀraction pattern for UPd2Cd20 (open circles) and calculated peaks (solid
line). The insets of (a) show photographs of single crystal of UPd2Cd20. (b) Crystal structure
of UPd2Cd20.
2 Experimental procedure
Single crystals of UPd2Cd20 were grown by the Cd self-ﬂux method. The starting materials,
3N-pure (99.9 %) U, 3N-Pd, and 5N-Cd with a composition of U:Pd:Cd = 1:2-4:50 were placed
in an alumina crucible. The crucible was sealed in a quartz ampoule under 0.025 MPa of Ar-gas
at room temperature. The crucible was heated up to 900 ◦C and kept at this temperature for
24 hours, and cooled down to 500 ◦C for 400 hours. The excess Cd-ﬂux was removed by a
centrifugation. The insets of Fig. 1(a) show the photographs of the obtained single crystal of
UPd2Cd20. We obtained relatively large single crystals with the size 5× 3× 1 mm3.
The powder X-ray diﬀraction measurement was carried out using an X-ray diﬀractometer
with Cu-Kα radiation. The experimental result of powder X-ray diﬀraction of UPd2Cd20 (open
circles) is shown in Fig. 1(a) with a calculation (solid line). The calculated pattern is based
on the structure parameters of CePd2Cd20[5] and the lattice parameter a = 15.693 A˚. This
lattice constant is estimated from some of Bragg reﬂections with an error of a = 0.027 A˚.
Since all Bragg peaks can be explained by the calculation, the crystals we obtained are single
phase and crystallize in the cubic CeCr2Al20-type structure, as shown in Fig. 1(b). The
value of the obtained lattice constant is about 1 A˚ larger than that of other UT2X20 (T =
transition metal, X = Al,Zn)[2, 4].
The electrical resistivity was measured by the four-probe AC method from 0.8 K to 300 K.
The magnetic susceptibility from 2 K to 300 K and magnetization up to 5.5 T were per-
formed using a commercial superconducting quantum interference device (SQUID) magnetome-
ter (MPMS, Quantum Design).
3 Experimental results and discussion
3.1 Electrical resistivity
Figure 2 shows the temperature dependence of the electrical resistivity ρ of UPd2Cd20 for the
current J along the 〈110〉 direction. The electrical resistivity slightly increases with decreasing
temperature and shows broad maximum around 30 K. At low temperatures, the resistivity
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Figure 2: Temperature dependence of the electrical resistivity of UPd2Cd20 for J ‖ 〈110〉. The
inset shows the low temperatures resistivity (open circles in the left hand scale) with the ﬁtting
curve ρ = ρ0 +AT
2 (solid line) and d2ρ/dT 2 (closed circles in the right hand scale).
indicates an abrupt decrease below a magnetic transition temperature of 5.0 K, as indicated
by an arrow in the inset of Fig. 2. The magnetic ordering temperature is deﬁned as the
peak in d2ρ/dT 2, as shown in the inset of Fig. 2. This magnetic transition corresponds to
an antiferromagnetic ordering, as discussed in the following section. The resistivity below 2 K
follows the relation, ρ = ρ0+AT
2, as shown by a thin solid line in the inset of Fig. 2, where ρ0 is
the residual resistivity, and
√
A corresponds to the eﬀective mass m∗. ρ0 and A are estimated
to be 1.4 μΩ · cm and 1.6 μΩ · cm/K2, respectively. The obtained A value corresponds to
γ  400 mJ/mol ·K2 from the Kadowaki-Woods relation A/γ2 = 1.0× 10−5 μΩ · cm/(mJ/mol ·
K)2[8], the value of γ is same as that of heavy fermion compounds URu2Si2 and UIr2Zn20 with
γ = 180 and 400 mJ/mol ·K2, respectively[2, 3, 9], implying that UPd2Cd20 is a heavy fermion
compound. The residual resistivity ratio RRR ≡ ρ(300 K)/ρ0 reaches about 50, meaning that
obtained single crystals are relatively high quality. The obtained value of ρ0 is smaller than
that of UT2X20 (T = transition metal, X = Al,Zn) with ρ0 = 10-50 μΩ · cm and RRR is larger
than that of UT2X20 with RRR = 2-10[2, 3, 4].
3.2 Magnetic properties
Figures 3(a) and 3(b) show the temperature dependences of the magnetic susceptibility χ
and the inverse susceptibility 1/χ at 1 T, respectively, for the magnetic ﬁeld H ‖ 〈100〉. At
high temperatures above 30 K, the magnetic susceptibility follows the modiﬁed Curie-Weiss
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Figure 3: Temperature dependences of (a) the magnetic susceptibility χ and (b) the inverse
one 1/χ of UPd2Cd20 measured at 1 T, for the magnetic ﬁeld H ‖ 〈100〉 with the modiﬁed
Curie-Weiss law (solid line), χ = C/(T −Θ)+χ0. The inset of (a) is extended ﬁgure in the low
temperatures region. (c) The magnetization curves at 6.0 K, 4.2 K, and 2.0 K for the magnetic
ﬁeld H ‖ 〈100〉. The inset shows H dependences of the subtracted value M − χH.
law χ = C/(T − Θ) + χ0 (solid line), with the eﬀective magnetic moment μeﬀ = 3.44 μB/U,
the paramagnetic Curie temperature Θ = −54 K, and the temperature independent term
χ0 = −5 × 10−4 emu/mol, where the Curie constant C = NAμeﬀ2/3kB, NA is Avogadro’s
number, kB is the Boltzmann constant. The negative χ0 is attributed to the diamagnetic
susceptibility derived from the ﬁlled electron shells and the similar χ0 is observed in other
compounds including Cd atoms, for example, CeCd11 and PrCd11 with χ0 = −4 × 10−4 and
−4.5×10−4 emu/mol, respectively[10]. The obtained value of μeﬀ is close to 3.62 μB/U for 5f3
(U3+) electronic state or 3.58 μB/U for 5f
2 (U4+) one. The magnetic susceptibility deviates
from the Curie-Weiss law below 30 K, where ρ indicates a peak as a function of temperature. χ
possesses a broad maximum at Tχmax = 6.6 K, as indicated by an arrow in the inset of Fig. 3(a).
The broad peak in magnetic susceptibility is one of the characteristic features in heavy fermion
compounds such as YbT2Zn20 (T = Co, Rh, Ir) and UT2Zn20 (T = Co, Ir)[1, 2, 3, 11, 12]. The
magnetic susceptibility exhibits an abrupt decrease at Ne´el temperature TN = 5.0 K, suggesting
an antiferromagnetic ordering.
Figure 3(c) shows the magnetization curves of UPd2Cd20 at 6.0 K, 4.2 K, and 2.0 K for
H ‖ 〈100〉. The magnetization at 6 K increases linearly as a function of the magnetic ﬁeld up
to 5.5 T. On the other hand, the magnetization at 4.2 K and 2.0 K indicates an upturn. The
inset of Fig. 3(c) shows the magnetic ﬁeld dependences of M −χH, where M is magnetization.
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M −χH at 4.2 K and 2.0 K (< TN), where UPd2Cd20 is in the antiferromagnetic state, rapidly
increases from 2 T up to 5.5 T. On the other hand, M−χH at 6.0 K (> TN) is almost constant,
where UPd2Cd20 is in the paramagnetic state. These M − χH behaviors could be a sign of
the metamagnetic behavior due to the collapse of antiferromagnetic state. In U-based heavy
fermion compounds such as URu2Si2 and UPd2Al3, the metamagnetic behavior is also observed
in the temperature range between hidden order temperature THO or TN and Tχmax , where these
compounds are in the paramagnetic state[13, 14]. Recently, a drastic change in electronic state
at metamagnetic ﬁeld is observed in UIr2Zn20 from the transport properties[15], for example. In
UPd2Cd20, the similar metamagnetic behavior in the paramagnetic state is expected at higher
magnetic ﬁelds.
4 Summary
We succeeded in growing the single crystals of the new compound UPd2Cd20. We conﬁrmed
that UPd2Cd20 crystallizes in the cubic CeCr2Al20-type structure. The electrical resistivity ρ
of UPd2Cd20 shows a maximum around 30 K, which corresponds to the temperature where
the magnetic susceptibility χ deviates from the modiﬁed Curie-Weiss law. Reﬂecting the an-
tiferromagnetic transition at TN = 5.0 K, ρ and χ indicate a rapid decrease with decreasing
temperature. In addition, χ also shows the broad maximum at Tχmax = 6.6 K, which is one
of characteristic behaviors in heavy fermion compounds. Other U-based heavy fermion com-
pounds such as URu2Si2 and UPd2Al3 also indicate a similar maximum in χ above the hidden
ordered state and antiferromagnetic ordered state, respectively[9, 14, 16]. Below 2 K, ρ follows
the relation ρ = ρ0 +AT
2 with A = 1.6 μΩ · cm/K2. From the Kadowaki-Woods relation, γ is
estimated about 400 mJ/mol · K2, which is same as other U-based heavy fermion compounds
such as URu2Si2 and UIr2Zn20. Experimental results strongly suggest that UPd2Cd20 is a new
heavy fermion antiferromagnet with Ne´el temperature TN = 5.0 K.
In this study, we could ﬁnd an incipient of the metamagnetism in UPd2Cd20 from the
magnetization measurements. In order to elucidate the electronic state of UPd2Cd20 under
magnetic ﬁeld, further high-ﬁeld experiments are desirable.
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